Investigators are not in general agreement as to whether the legume seeding is favored by sowing oats at reduced rates.
Dungan et al. (9) in Illinois found that as the seeding rate of Gopher oats was increased, the stands and growth of red clover were poorer. Thatcher et al. (19) reported that a thin seeding rate of oats may result in a better stand of legumes in Ohio in dry seasons but in most years no significant difference was observed in stands of legumes at different rates of seeding oats, unless lodging resulted from heavier rates.
Bula et al. (7) have reported greater light penetration under Clinton oats seeded at thin rates as compared to heavier rates during the early stages of growth. At later stages of growth the increased height of oats and greater amount of weeds in plots seeded at thin rates eliminated nearly all initial differences due to light seeding rates.
Significant differences were not obtained among the rates of and varieties of oats used. Godel (11) and Pavlychenko and Harrington (14) have reported that thick stands of small grains are effective in reducing weed growth. Pritchett and Nelson (16) concluded from their investigations that light is the principal competitive factor of companion crops when soil moisture and fertility are not limiting.
Collister and Kramer (8) in a year study in Indiana re ported a reduction in the stands and development of red clover plants under some spring oat varieties. Smith et al. (18) reported no significant differences in the establishment of legume stands under the four oat varieties used. Weeds were dominant in the thinly sown oats on the heavy soils and on these soils the stands of legumes were not greatly reduced as the oat sowing rate was increased. Differences in the effects of the rates of sowing the oats on the legume stands were leveled out in part by favorable spring moisture conditions and by the higher weed populations which occurred in the oats sown at lighter rates. Weeds tended to equalize the total amount of growth on the plots. Competition for moisture appeared to be the major factor influencing the establishment of the legumes on sandy soils where, in general, poor stands of legumes occurred under the heavy rates of sowing oats. In a study to determine the competitive effect of several companion crops on forage seedings, Woodward (21) suggested that companion crops cut before maturity exerted little injurious effect upon the subsequent yield of alfalfa.
A study by Briggs and Harrison (5) on the effects of various companion crops on the establishment of alfalfa indicated that removal of the companion crop at hay stage of growth gave a slightly thinner forage stand and subsequently smaller forage yields than removal at maturity. This study showed that the heavy infestation of weeds following the removal of the companion crop as hay was more competitive to forage seedlings than any of the companion crops remaining until maturity.
Hulbert (12) pointed out in earlier investigations of factors affecting the stand and production of sweetclover that removal of the companion crop at the mature stage resulted in a higher plant mortality than when it was cut at hay stage.
He reported that yields of sweetclover hay were nearly equal when the companion crop had been cut for hay or for grain, however, yields from plots in which the companion was cut for grain were slightly higher.
Thatcher et al. (19) reported that cereal grains used as a companion crop increased the risk in establishing forage stands. They concluded that vigorous competition between forage and cereals does not begin until the grain crop has jointed. Cereal crops accentuate adverse effects of either dry or wet weather on forage stands. Forage seedlings with a cereal companion crop were smaller and weaker and did not survive as well as those without competition. They also sug gested that yield in the first production year was not correlated with stand.
Seedling competition between forage species is at times a factor in establishing forage mixtures. Blaser et al. (4) reported that red clover seriously suppressed alfalfa when seedings were made in the spring, but alfalfa was not suppressed in summer seedings. Red clover seedlings made faster growth than alfalfa with lower temperatures in the spring. Subsequent erect growth and tillering of red clover tended to shade alfalfa seedlings in a mixture. It also was suggested that the dense early spring growth of red clover seedlings had an effect on ground level humidity, thus alfalfa leaf disease may tend to reduce the stand.
Torrie and Hanson (20) , studying the effects of cutting first year red clover on second year stand and yield, re ported clipping in late August was sometimes very beneficial and was never harmful. Cutting on September 14 or later was injurious and reduced hay yields three out of four times.
Best results were obtained when the first year's growth was clipped on August 31 and the clippings removed from the field. (17) The weather during the seeding year was characterizied by a slightly higher than normal temperature and a rainfall deficiency of approximately 11.6 inches. The data from stand counts within each variety show a general but not uniform upward trend in legume plant popula tion as the seeding rates for the companion oat crop were increased from one to two bushels per acre. This trend appears to be more pronounced for alfalfa than for red clover. stands at the one bushel oat seeding rate were consistently lower for both alfalfa and red clover than at the two bushel oat seeding rate. When oats were seeded at the three bushel rate legume stands were slightly lower than at the two bushel rate but only when the companion oat crop was removed at the hay stage. It is difficult to explain why a heavier rate of seeding should slightly depress stand establishment when the competitive effects of oats was removed at the hay stage and not at the mature stage of growth.
Roberts and Olson
Average stands were consistently higher when the oat crop was removed at the hay stage of growth than at maturity, particularly for alfalfa.
Hay yields
Forage yields reported in Tables 3 and 4 are the average of three replications for the alfalfa and bromegrass components and the red clover and timothy components in each seeding rate and each method of management of three companion oat varieties. Table 3 include the total yield of alfalfa and bromegrass as well as the separate yields of each component of the mixture. These data show an increase in total forage yield as seeding rates for the companion oat crop were In creased from none to either 1, 2 or 3 bushels per acre.
Data shown in
Although there were significant differences in the total yield of forage as well as the legume portion of the mixture (see Table 5 ) the magnitude of the differences due to 1, 2 or 3 bushels seeding rate was not large. There was a general trend in decreased yields of bromegrass and increased yields of alfalfa as the oat seeding rates were increased. The data In Table 4 Indicate a similar yield response for the red clover and timothy association.
The combined analysis of variance for total yield of for age and for the legume portion of the association is given Tables 3   and 4 show that total forage yields were higher when the companion oat crop was removed at the hay stage of growth.
As might be expected, a large portion of the variance was due to differences in yield between the alfalfa-bromegrass combina tions and red clover-timothy mixture. The yield of alfalfa also was highly significantly greater than red clover.
None of the first order interactions involving varieties, rates, management and forages were significant either in terms of total yield or in terms of the legume component.
This suggests that responses in forage yields, primarily due ^Remainder consists of 3 second order and 1 third order interactions, none of which approached significance at the 5 per cent level.
to rates of seeding and methods of management of the companion oat crop, were relatively the same irrespective of variety of oats and species of forage. Lack of significance due to oat varieties and interactions with varieties thus justify presenting results on a variety mean basis as given in Tables   3 and 4 .
From an examination of data on stands in Table 2 with forage yields in Tables 3 and 4 it is evident that differences in stand in the seeding year were strongly associated with yield of dry matter.
Greenhouse Studies
Data from the study conducted in the greenhouse are summarized in Tables 6 to 9, inclusive. The comparative growth made by each of the three crops grown alone as measured by dry weight of tops at four stages in their development from 30 to 120 days after sowing is shown in Table 6 and Figure 1 .
These data show that alfalfa made a greater growth than birdsfoot trefoil during the first 90 days but by the end of the period of test the two legumes were not greatly different in dry weight per plant. As measured in terms of accumulation of dry matter in successive 30 day periods, birdsfoot trefoil produced a relatively greater growth from 90 to 120 days than alfalfa while alfalfa increased in dry weight much more rapidly than birdsfoot trefoil during the periods from 30 to 60 days and from 60 to 90 days after sowing. This relatively slow growth rate of birdsfoot trefoil during the early stages of its development is in agreement with many observations under field conditions. Orchardgrass plants increased in dry weight more rapidly than alfalfa and birdsfoot trefoil during the periods from 30 to 60 days and from 60 to 90 days after establishment. The rapid growth rate of orchardgrass during early stages of seedling plant growth also is in agree ment with field observations. From the data in Table 6 and Table 7 -Data are reported for orchardgrass associated with both alfalfa and birdsfoot trefoil.
From the combined analysis of variance in Table 8 the mean squares for alfalfa grown in association with orchardgrass vs. alfalfa grown alone were highly significant at the third and fourth harvest dates. Data in Table 7 show that at the first harvest date the dry weight per plant of alfalfa was greater when grown in association with orchardgrass than when grown alone. At the second harvest date the growth of alfalfa was slightly greater when grown alone than when grown in association with orchardgrass, however, the difference was not significant at the 5 per cent level. The yield of alfalfa seedlings at the third and fourth harvests were considerably higher when grown alone than when grown in association with orchardgrass. These differences were highly significant.
Differences in alfalfa yields when grown in combinations with orchardgrass, either with 3, 6 or 9 plants, were not signifi cant at any harvest date.
The yield per plant of birdsfoot trefoil at the first harvest date, like that of alfalfa, was slightly but not significantly greater when grown in association with orchardgrass than when grown alone. At the second harvest date the yield was significantly greater at the 5 per cent level for trefoil grown alone. Trefoil yields at the third and fourth harvest dates were much greater when grown alone than when in association with orchardgrass. Mean squares for these differences were highly significant. Differences in birdsfoot trefoil yields when in three combinations with orchardgrass were highly significant only at the fourth date of harvest.
From data in Tables 7 and 8 the higher yields of orchardgrass when grown in association with alfalfa than when grown alone were highly significant at the second, third and fourth dates of harvest. Yield differences for orchardgrass grown in three associations with alfalfa also were highly significant at the second, third and fourth dates of harvest.
Orchardgrass yields per plant when grown in association
with birdsfoot trefoil also were highly significantly greater than when grown alone at the second, third and fourth harvest dates. Yield differences for orchardgrass grown in three associations with birdsfoot trefoil were highly significantly different all dates of harvest.
The data in Table 7 therefore show that orchardgrass grown in combination with either alfalfa or birdsfoot trefoil suppressed yields of legumes, most pronounced at the stage in its development when greatest growth was made.
A more critical analysis of the gains or losses for each crop grown in association in comparison with its yield when grown alone is shown in Table 9 . These comparisons were made only for the second, third and fourth harvest dates. For example, in the mixture of 9 legume and 3 grass plants in second harvest the yield of alfalfa in association with orchardgrass was .0169 gram per plant less than when grown alone, but the yield of orchardgrass in this combination was .0349 gram more than when grown alone., or a net gain of .0180 gram per plant for the association. In the mixture of 6 legume and 6 grass plants, although the reduction in the yield of alfalfa was not significant and the gain for orchardgrass was significant, the net gain was statistically significant. In this association the gain in grass yield was .0180 gram per plant more than the loss in legume yield when each was grown in association.
As the grass component in the associations was increased to 6 and 9 plants respectively with 6 and 3 plants of legume, all associations showed a highly significant net gain in yield per plant. In all cases the legume yield was lower when grown in association with orchardgrass than when grown alone.
The yield of orchardgrass was increased in each case when grown in association with a legume. In no case was there a significant increase or a significant decrease for both crops in an association. Evidence is therefore lacking for either antagonistic or mutually beneficial associations among these crops under the conditions of the greenhouse study. In two cases among the 18 combinations the increased grass yield did not more than equal the reduction in legume yield when each was grown in an association. These were the combination of 9 plants of birdsfoot trefoil with 3 plants of orchardgrass at the third and fourth harvest dates.
One of the striking features of these comparisons is the consistently greater increase in yield per plant of orchardgrass grown in association with birdsfoot trefoil than orchardgrass grown in association with alfalfa in the third and fourth harvest dates, indicating that orchardgrass was more competitive to birdsfoot trefoil than to alfalfa. In agreement with results reported by previous investiga tors (12, 13, 19) the rate of seeding and method of managing the companion oat crop in this study had an effect upon legume stand survival.
DISCUSSION
As measured by plant population of legumes, excluding oats was not beneficial and lower rates of seeding did not produce better stand than heavier rates. Differences in the effects of seeding oats at one and two bushels per acre apparently were leveled out by increased weed growth which tended to equalize the amount of growth under both rates.
When oats were seeded at the three bushels rate forage stands and subsequent hay yields were slightly lower than those from the two bushel rate, but only when the companion crop was removed at the hay stage. This stand reduction is explained as an interaction between micro-climatic changes and competing factors. Legume plants under a heavy growth of oats seeded at three bushels per acre were apparently weakened by competition for moisture and light. Sudden re moval of the companion crop exposed the legume seedlings to an environment of more intense sunlight, lower humidity, in creased ground radiation and higher temperatures. These conditions establish a greater moisture stress upon the seedling plants. These moisture stresses were greater than soil moisture supply and only the more vigorously growing plants were able to survive. Temperatures at the time of oat hay removal were above normal and the precipitation was below normal.
Legume stands and subsequent forage yields were not de pressed with the three bushel rate of seeding removed at the mature stage. Under these conditions the legume seedlings were more slowly adjusted to a changed environment as the oat crop matured and were not subjected to the sudden shock as when the oat crop was removed at hay stage.
Perennial forage crop mixtures as generally compounded for hay and pasture are artificial plant associations. Species included in these associations may not be mutually beneficial to each other. Differential responses of perennial grasses and legumes to natural and imposed environmental factors that affect growth account for many difficulties in establish ing and maintaining desired botanic.al composition.
In this investigation alfalfa, birdsfoot trefoil, and orchardgrass were grown alone and in combinations under green house conditions. In terms of dry matter accumulation, each of these crops developed a distinctive growth pattern when grown alone, as shown in Figure 1 It is evident that orchardgrass has a rapid growth rate during early stages of seedling development. There are important differences in growth behavior patterns among the three species studied, however these differences were not well established until 60 days after sowing. These data show that the most critical time for birdsfoot trefoil seedling survival is within the first 60 days after sowing. These differences in growth patterns give an indication of expected differences in competition when grown in association.
It is recognized that results obtained in the greenhouse represent responses under a single environmental condition.
A more precise evaluation of competitive relationships would require a series of controlled environments covering the ranges normally encountered under field conditions. . SUMMARY AND CONCLUSIONS A field experiment was established in the spring of 1953 to study the relationship between the variety, seeding rate and management of the companion crop and forage crop stands and yields. Three oat varieties seeded at 0, 1, 2 and 3 bushels per acre were removed at hay and mature stages of growth. Forage crops studied included associations of alfalfa-bromegrass and red clover-timothy.
Results of this portion of the study may be summarized as follows :
1. The oat varieties Shelby (late), Cherokee (early) and CI 3867 (midseason) did not differ in effect upon legume stands or forage yields.
2. Competition from weed growth in the absence of a companion crop was more severe than from oats.
3. Legume plant populations were increased as the oat seeding rate was increased from 1 to 2 bushels per acre. Oats seeded at the three bushel rate and removed at hay stage tended to depress legume plant populations. 4. Legume stands were higher and forage yields were in creased when the oat companion crop was removed at hay stage of growth.
5.
Differences in forage yields due to oat seeding rates 1, 2 and 3 bushels per acre were not large, but forage yields were significantly lower when no companion crop was used.
A greenhouse experiment was conducted during the winter of 1956 and 1957 to study growth responses of alfalfa, birdsfoot trefoil and orchardgrass growing alone and each legume in three combinations with orchardgrass. Growth behavior patterns were measured in terms of accumulation of dry matter in successive 30 day periods.
Results of this study may be summarized as follows:
1. Alfalfa plants made a greater growth than birdsfoot trefoil during the first 90 days after sowing, however the dry weights per plant for these two legumes were not greatly different after 120 days of growth. Alfalfa increased in dry weight much more rapidly than birdsfoot trefoil during the periods from 30 to 60 days and from 60 to 90 days after sowing while birdsfoot trefoil produced a relatively greater growth from 90 to 120 days than alfalfa.
2. Orchardgrass plants increased in dry weight more rapidly than either alfalfa or birdsfoot trefoil during the periods from 30 to 60 days and from 60 to 90 days after seeding.
3.
Orchardgrass grown in association with either alfalfa or birdsfoot trefoil suppressed yields of these legumes. As the proportion of the orchardgrass component was increased in the associations, the greater yields of orchardgrass more than offset reduced yields of the legumes.
